Somatostatin is a gastrointestinal motility regulator and functions as an inhibitor of hormone release in digestive organs. This peptide participates in the regulation of gastrointestinal motility with motilin. [1] [2] [3] [4] [5] [6] Somatostatin as a gut regulatory peptide stimulates migrating motor complex (MMC)-like activity and its analogue was the first to be used therapeutically among the gastrointestinal peptides.
10)
Vasoactive intestinal peptide (VIP) is widely distributed in the central and peripheral nervous system. This peptide has a vasodilating effect in many vascular beds, including the peripheral systemic and splanchnic beds and the cerebral arteries, and is an important neurotransmitter for the enteric nervous system. 11, 12) Hange-shashin-to (EK-14), a Kampo herbal medicine, is prepared from seven crude herbs: Pinelliae Tuber, Scutellariae Radix, Zingiberis Rhizoma, Ginseng Radix, Glycyrrhizae Radix, Zizyphi Fructus, and Coptidis Rhizoma. Hangeshashin-to is frequently used for acute or chronic gastrointestinal catarrh, fermentative diarrhea, and acute gastroenteritis. This medicine has been clinically evaluated as more effective in the treatment of chronic hypofunction of the gastrointestinal system than is Rikkunshi-to in the treatment of hyperfunctioning conditions. Recently, Hange-shashin-to has been reported to be effective against diarrhea as a side effect of carcinostatic drugs. 13) Based on empirical effects of Kampo, some gut-targeting medicines have been determined to act at the gut regulatory hormone level. Ninjin-to, Rikkunshi-to, and Dai-kenchu-to affect gastrointestinal motility and based on empirical evidence their effects are assumed to be due to changes in the levels of somatostatin-, motilin-, gastrin-, or VIP-immunoreactive substances (IS) in plasma. [14] [15] [16] [17] [18] Furthermore, abnormalities of gastrointestinal function is presumed to result from obstruction of the autonomic nervous system and changes in hormone levels. Thus we examined the plasma levels of gut regulatory peptides (somatostatin, motilin, gastrin, and VIP).
Radioimmunoassays (RIA) to detect motilin have been developed by several groups using 125 I-motilin. [19] [20] [21] However, in terms of safety, sensitivity, and ease of handling, RIA methods are still less than satisfactory. We developed a sensitive and specific double-antibody enzyme immunoassay (EIA) for detecting motilin, using motilin-linked b-D-galactosidase as a marker antigen, a secondary antibody-coated immunoplate, and 4-methylumbelliferyl-b-D-galactopyranoside as a fluorogenic substrate.
The purpose of this study was to describe the sensitive and specific EIA for detecting motilin and to determine the effects of Hange-shashin-to on plasma levels of gut regulatory peptides (somatostatin, motilin, gastrin, and VIP).
MATERIALS AND METHODS

Materials
Hange-shashin-to (EK-14, lot 011A), prepared as a 3.8 g dried powder extract of Pinelliae Tuber (5.0 g), Scutellariae Radix (2.5 g), Zingiberis Rhizoma (2.5 g), Ginseng Radix (2.5 g), Glycyrrhizae Radix (2.5 g), Zizyphi Fructus (2.5 g), and Coptidis Rhizoma (1.0 g), was kindly supplied by Kanebo. (Tokyo, Japan). The placebo was only the additive to of the EK-14 formulation.
Synthetic human somatostatin, porcine motilin, gastrin I (G17), and VIP were purchased from the Peptide Institute (Osaka, Japan). Fragment mini gastrin I was purchased from Sigma Chemical (St. Louis, MO, U.S.A.). Motilin and VIP fragment peptides were supplied by Professor H. Yajima. (Kyoto University, Kyoto, Japan). Antisera to somatostatin (RA-08-108) were purchased from Cambridge Research Biochemicals (Cambridge, U.K.), motilin (Y121) from Yanaihara Institute (Shizuoka, Japan), and gastrin (A600/R1B) and VIP (A604/R1B) from Biogenesis (Poole, U.K.). All other reagents were of reagent grade and commercially available.
Volunteers Five healthy male volunteers (nonsmokers), aged 25-40 (median 26 years), participated in this study. Each subject received information about the scientific purpose of the study, which was approved by the Ethics Committee of Oita Medical University, and gave informed consent. No subject received any medication for one month preceding the test and no stimulator of gastrointestinal motility was administered to any subject during the study.
Study Schedule Hange-shashin-to at a dose of 6.0 g was administered orally. The same dose of placebo was also given to the volunteers. Venous blood samples from a forearm vein were taken before and 20-240 min after administration of the drug. All subjects ate lunch at 11 : 45-12 : 00 and the study was carried out from 14 : 00 (2 h after lunch) until 18 : 00.
Preparation of Enzyme-Labeled Antigen Human somatostatin, porcine motilin, mini gastrin I, and fragment VIP (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) were conjugated with b-D-galactosidase (Boehringer Mannheim, Mannheim, Germany) with N-(e-maleimidocaproyloxy) (EMC)-succinimide according to the methods of Kitagawa et al. 22) These peptides dissolved in 0.05 M phosphate buffer, pH 7.0, were mixed with EMC-succinimide in tetrahydrofuran at 20°C for 40 min. The EMCpeptides thus obtained were purified via separation on a Sephadex G-25 column. The purified EMC-peptide fractions were combined with b-D-galactosidase by mixing them at 20°C for 60 min. The b-D-galactosidase conjugate was then applied to a Sephacryl S-300 column. The fractions containing b-D-galactosidase activity were collected and stored at 4°C after the addition of bovine serum albumin (BSA) and sodium azide.
Assay Procedure for Somatostatin-, Motilin-, Gastrin-, and VIP-IS Peptide levels in plasma were measured using a sensitive EIA for somatostatin-, 23) gastrin-, 24) and VIP-IS 25) as previously described. The assay was performed using a delayed addition method. Separation of bound and free antigen was performed on an anti-rabbit IgG (55641) (ICN Pharmaceuticals, Aurora, Ohio, U.S.A.) coated immunoplate (Nunc-Immuno Module Maxisorp F8, InterMed, Denmark).
26)
The assay buffer consisted of 0.05 M phosphate buffer, pH 7.0, containing 0.5% BSA, 1 mM MgCl 2 , and 250 kallikrein inhibitor units/ml of aprotinin (Trasylol, Bayer, Leverkusen, Germany). Antiserum (100 ml) and sample (100 ml, plasma extracts or standard) were mixed and incubated at 4°C for 24 h. Then diluted enzyme-labeled antigen (50 ml) was added, and the solution was incubated at 4°C for an additional 24 h. One hundred microliters of the antigen-antibody solution for each sample was added to the secondary antibody-coated immunoplate. The plate was incubated at 4°C overnight, washed with 0.01 M phosphate buffer, pH 7.0, containing 0.15 M NaCl, and 0.05% Tween 20, and then 200 ml of 0.1 mM 4-methylumbelliferyl b-D-galactopyranoside (Sigma Chemical) in 0.05 M phosphate buffer, pH 7.0, containing 1 mM MgCl 2 was added to each well. The plate was incubated at 37°C for 180 min. The fluorescence intensity (l Ex 360 nm, l Em 450 nm) of the fluorescent product 4-methylumbelliferon was measured with a MTP-100F microplate reader (Corona Electric, Ibaraki, Japan).
Preparation of Plasma Extracts
The blood samples were placed in chilled tubes containing 500 kallikrein inhibitor units/ml of aprotinin and 1.2 mg/ml of EDTA. After centrifugation, plasma samples were diluted with 4% acetic acid, pH 4.0, loaded onto Sep-Pak C18 cartridges (Millipore, Milford, MA, U.S.A.), and washed with 4% acetic acid. The peptides in plasma were eluted with 70% acetonitrile in 0.5% acetic acid, pH 4.0, lyophilized, reconstituted to 100 ml with the assay buffer, and subjected to EIA. In the motilin EIA system, plasma samples were concentrated twice on Sep-Pak C18 cartridges. The recovery and reproducibility for human plasma with this motilin EIA were examined by adding standard solution to hormone-free plasma.
27)
HPLC of Plasma Extracts HPLC was performed using a reverse-phase C18-packed column (Cosmosil 5C18-AR, Nacalai Tesque, Kyoto, Japan). The HPLC consisted of a model 600E pump system (Millipore). The plasma samples, purified on Sep-Pak C18 cartridges as described above, were reconstituted to the first composed mobile phase and passed through the column. Somatostatin-IS or motilin-IS was eluted with a linear gradient of acetonitrile (from 5% to 55% over 50 min) in 0.1% trifluoroacetic acid. The flow rate was 1.0 ml/min and fraction size was 1.0 ml. Eluted fractions were concentrated by spin-vacuum evaporation, lyophilized, and stored (Ϫ40°C) until EIA.
Data Analysis Somatostatin-, motilin-, gastrin-, and VIP-IS levels in plasma are expressed as concentration of meanϮS.D. (pg/ml). Comparisons of mean values were made by analysis of variance and Dunnett's test. A value of pϽ0.05 was regarded as significant.
RESULTS
EIA for Motilin in Human Plasma
Typical calibration curves for the motilin EIA are shown in Fig. 1 . When plotted as a semilogarithmic function, a linear displacement of enzyme-linked motilin by motilin was noted between 35 and 650 pg/ml. The minimum amount of motilin detectable by this EIA system was 3.5 pg (1.4 pg/well).
The immunospecificity of the antiserum (Y121) was examined by EIA using motilin conjugated with b-D-galactosidase. The displacement curves of other endogenous peptides (motilin (1-16, 4-22, 9-22) , somatostatin, gastrin, VIP, secretin, and substance P) are shown in Fig. 1 . The carboxyterminal motilin fragments (4-22, 9-22) exhibited crossreactivity to synthetic motilin, but the amino-terminal fragment (1-16) exhibited little cross-reactivity. Somatostatin, gastrin, VIP, secretin, and substance P minimally inhibited the binding of motilin conjugated with b-D-galactosidase with the motilin antibody (86-94%). Thus the motilin antiserum Y121 recognizes the carboxy-terminal region of motilin and can distinguish motilin from other gastrointestinal peptides.
Human plasma extracts were subjected to reverse-phase HPLC to assess the presence of motilin-IS molecular variants in human plasma. The elution profiles revealed the presence of one main immunoreactive peak, eluted at a position corresponding to standard motilin, and several minor peaks (Fig.  2) . The recovery rates of human plasma motilin between the proposed detectable ranges (50 pg/ml and 500 pg/ml) with this EIA were 97.3% and 94.7%. The reproducibility (CV %) for human plasma (50 pg/ml and 500 pg/ml) with this motilin EIA was 2.5% and 3.0% of innerassay (nϭ5), and 4.9% and 5.7% of intraassay (nϭ10) comparisons.
Effect of Hange-shashin-to on Plasma Somatostatin-, Motilin-, Gastrin-, and VIP-IS Levels The plasma somatostatin-IS level-time profile of Hange-shashin-to is shown in Fig. 3A . Hange-shashin-to caused significant increases in somatostatin-IS at 20 and 60 min compared with the response of the placebo group. At 40 min, the volunteers had different degrees of increase in plasma levels after the administration of Hange-shashin-to. The plasma motilin-IS level-time profile is shown in Fig.  3B . Plasma motilin-IS levels showed the periodicity in both the Hange-shashin-to and placebo groups and differed among volunteers. Hange-shashin-to caused significant increases in motilin-IS at 40 min and enhanced the secretion of motilin.
The plasma gastrin-IS levels after the administration of Hange-shashin-to are shown in Fig. 3C . Hange-shashin-to significantly increased gastrin-IS levels between 40-90 min compared with the response of the placebo group.
Hange-shashin-to had no significant effect on plasma VIP-IS (Fig. 3D) . Plasma VIP-IS levels in both groups remained within a small range (average, about 9 pg/ml) before and after administration.
HPLC Chromatogram of Somatostatin-IS Levels in Plasma
Hange-shashin-to caused an approximately 5-fold increase in somatostatin-IS at 20 min compared with the response of the placebo group. Figures 4A and B shows the results when plasma extracts 20 min after administration were subjected to reverse-phase HPLC to assess the presence of somatostatin-IS molecular variants. The elution profiles revealed the presence of two main immunoreactive peaks, and one of the two peaks eluted at a position corresponding to that of somatostatin (fraction 39-41). The peak level of Hange-shashin-to corresponding to somatostatin was several fold larger than that of placebo. Furthermore, the other main unknown peak (dotted arrow, fraction [22] [23] [24] had the same tendency to increase as the peaks corresponding to somatostatin, and the unknown peak level of Hange-shashin-to 
DISCUSSION
Abnormalities of gastrointestinal motility are assumed to be caused by obstruction of the autonomic nervous system and variations in hormone levels. The gut regulatory peptides somatostatin, motilin, gastrin, VIP, etc. regulate gastrointestinal motility.
Using b-D-galactosidase-labeled motilin as a marker antigen, an anti-rabbit IgG-coated immunoplate as a bound/free separator, and 4-methylumbelliferyl b-D-galactopyranoside as a fluorogenic substrate, we developed a sensitive and specific EIA for the quantitation of motilin. Since 1975, RIA methods developed for motilin have been widely used, although, those methods have several disadvantages due to the use of radioisotopes. The EIA detailed in this report retains the advantages of the RIA system while minimizing the disadvantages. This EIA was sensitive (3.5 pg, 1.4 pg/well) and specific (carboxy-terminal region) for motilin, and the sharp standard inhibition curve obtained was linear between 35 and 650 pg/ml. The sensitivity of other immunoassays was reported to be 10 pg (RIA) 19) and 5.4 pg (EIA, recognition of amino-terminal region). 28) We applied the EIA to detect motilin-IS in human plasma. The recovery (Ͼ90%) and reproducibility (CV% of innerassay and intraassay comparisons) of this EIA with plasma samples were satisfactory. The plasma levels of this EIA after lunch (2 h, samples at 0 min) were 64.2 (40.0-102.5) pg/ml. The detectable plasma levels of reported EIA and RIAs were 53.9Ϯ 25.6 pg/ml (meanϮS.D.), 28) 194.4 (13.5-810) pg/ml, 20) and 78.0 (49.1-124.0) pg/ml. 29) Human plasma levels in our EIA were nearly equivalent to those of previously reported EIA and RIA methods.
In this study, Hange-shashin-to enhanced somatostatin-IS and motilin-IS levels. Increases in somatostatin and motilin might correspond with gastrointestinal motility regulation by accelerating gastric emptying. Hange-shashin-to has been reported to have prokinetic activity and to be useful in treating chronic dyspepsia, as is Rikkunshi-to. The acetaminophen absorption method confirmed those effects of the medicine. 30) When we assessed the presence of somatostatin-IS molecular variants in plasma extracts at 20 min, the elution profiles revealed the presence of two main immunoreactive peaks, one of which eluted at a position corresponding to that of somatostatin. In this study, blood samples were taken from a forearm vein. Changes in hormone levels in peripheral veins might differ somewhat from those in local gastrointestinal organs. Therefore we assumed that difference in the other unknown peak level (fraction 22-24, Figs. 4A and B) between the Hange-shashin-to and placebo groups was greater than that in the peak level corresponding to somatostatin (fraction 39-41, Figs. 4A and B). Somatostatin participates in regulating gastrointestinal motility (MMC-like activity) with motilin. Motilin is a powerful inducer of gastrointestinal motor activity. In our study, periodic rhythms of motilin-IS might have obscured the increases in MMC activity partially.
Hange-shashin-to regulates the lower as well as upper gastrointestinal tract. This medicine is effective in the treatment of irritable bowel syndrome (IBS), which is believed to result from dysfunction of the lower gastrointestinal tract. 31) A somatostatin analogue has been approved for the therapy of IBS. 32, 33) Recently, Hange-shashin-to has also been reported to be effective against diarrhea as a side effect of carcinostatic drugs since it balances the prostaglandin E 2 level and water absorption. 13, 34) In this study, increases in somatostatin-IS levels may be one pathway for motor regulation of the lower gastrointestinal tract.
Gastrin stimulates acid secretion and its release is mediated by various mechanisms. Dyspepsia, one indication for Hange-shashin-to, is closely related to abnormalities of gastrointestinal motility and hypoacidity. Stimulation of the gastric mucosal G cells by Hange-shashin-to might directly result in the early elevation (nonspecific) of gastrin and then some pathways might stimulate G cells continuously (specific). Gastrin release stimulated by Hange-shashin-to and by Rikkunshi-to might be related to normalization of gastric functions.
Ninjin-to 14) and Rikkunshi-to, 15) which improve gastrointestinal motor dysfunction, cause increases plasma somatostatin-IS and/or motilin-IS levels. Hange-shashin-to has been evaluated clinically as more effective in the treatment of chronic hypofunction of the gastrointestinal tract than Rikkunshi-to in the treatment of hyperfunctioning conditions. The changes in somatostatin-IS levels after the administration of Hange-shashin-to were greater than those after Rikkunshi-to. However, the changes in the gastrin-IS levels were approximately the same after the administration of both Hange-shashin-to and Rikkunshi-to. Their different indications in Kampo medicine might be based on the different ef- fects on hormone levels. The regulatory mechanisms of the gastrointestinal tract by Hange-shashin-to and Rikkunshi-to are not known. Reports on the herbs that constitute these Kampo medicines indicate that Ginseng Radix and Zingiberis Rhizoma accelerate gastrointestinal motility and that Glycyrrhizae Radix and Zizyphi Fructus support those effects, while Pinelliae Tuber accelerates gastric emptying. 35) Hange-shashin-to, Ninjin-to, and Rikkunshi-to had no effects on VIP-IS levels in plasma and the effects differed from those of Dai-kenchu-to. 18) Hange-shashin-to regulates both upper (prokinetic action) and lower (regulation of motility) gastrointestinal functions. In this study, Hange-shashin-to changed levels of the gut regulatory peptides somatostatin-, motilin-, and gastrin-IS. Changes in these peptides stimulated by Hange-shashin-to might suggest the pharmacological activity of this medicine.
